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CHAPTER I 
The Formation of Simple Ions 



Importance of Ions 

JF we were asked to explain in the simplest terms the processes of 
electroplating or electrodeposition, we should say that they consist 
in the passage of an electric current through a solution and the separa- 
tion of a metal on one of the electrodes. Both of these fundamental pro- 
cesses depend on the existence in the solution of charged particles known 
as "ions." An ion is an atom or group of atoms that has acquired an elec- 
tric charge; this charge may be positive or negative in sign. These ions 
carry the current through the solution, and when they give up their 
charges at the electrodes, the resulting uncharged material will, in cer- 
tain circumstances, form a "deposit" or "plate." It is clearly important 
for us to try to understand something about the nature and properties of 
ions. 

According to modern views, every atom consists of a small nucleus 
carrying a net positive charge surrounded by a number of negatively 
charged particles, known as "electrons." The number of electrons around 
the nucleus of any atom in its normal or neutral state is equal to the 
positive charge on the nucleus. The resultant charge of the atom as a 
whole is, therefore, zero. The nuclear charge, and hence the number of 
electrons surrounding the nucleus, increases Bteadily with increasing 
weight of the atom. For example, the nucleus of the atom of hydrogen, 
the lightest known atom, carries a single positive charge and there is a 
single electron moving around it. The next heaviest elements in order are 
helium, lithium, beryllium, boron, carbon, etc., and their nuclei carry 
two, three, four, five, six, etc., charges, which are surrounded by the 
same number of electrons, respectively. The nuclear charge and the 
number of electrons increases steadily until with uranium, the heaviest 
clement, there are 92 electrons around the nucleus. The number of posi- 
tive charges on the nucleus, and hence the number of electrons in the 
atom is referred to as the "atomic number." 
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CHAPTER ill 
Ions in Solutions of Electrolytes 



Electrolytic and Metallic Conductors 
g OLUTIONS of strong acids, such as hydrochloric and sulfuric acids, 
of strong bases, such as sodium and potassium hydroxides, and of 
many salts in water are able to conduct the electric current efficiently. 
Such conducting solutions are generally ; -known as "electrolytic" con-"^ 
doctors, or briefly,, as "electrolytes." They differ from metallic conduc- 
tors in an importaht respect. The passage of an electric' current through 
a solution is always accompanied by a transfer of matter; this becomes 
evident. at the plates, .or "electrodes/Vused for conveying the current into 
and out of the po^n^i^ metallic; conductor ithe're is no such move- 
ment of matter:,. and. even . if two pr more different metals are joined, no 
change can be observed at the junction between them. On the other hand 
some form of chemical action, such as the platin p ; out of a metal or R as 
or a. metal dissolving, is always observed at the junction between « 
metallic conductor and an electrolytic solution. 



Ions in Electrolytes 
The difference in behavior between metals and electrolytes when con- 
ducting an electric current is due to the fact that in a metal the current 
is carried by electrons only, and there is no movement of particles asso- 
ciated with mattter. In electrolytes the current is carried by positive and 
negative ions which, as seen in the previous chapters* consist of atoms 
or groups of atoms, that have acquired special stability by losing or gain- 
ing one or more electrons. Since these ions are material particles, made 
up of various elements, the flow of the electric current, which is ac.com- 
panied by the movement of these particles, must be associated with the 
Iransfer of matter. 
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'Sprayed refractory coatings have been devel- 
Wfor high temperatures experienced in aero- 
be applications. They are also used for wear 
glance:, heat resistance, and electrical insula- 

Cementation coatings. These are surface alloys 
farmed by diffusion of the coating metal into the 
lie metal, producing little dimensional change, 
firtsarn heated in contact with powdered coating 
arterial that diffuses into the surface to form an 
Ay coating, whose thickness depends on the 
fee and the temperature of treatment. A zinc al- 
peopling of 0.001 in. (25 /Am) is formed on steel 
b 2-3 hr at 375T (700°F). A chromium alloy 
Hiromi/.ed) coaliiif? of 0.004 in. (100 ^tmt is formed 
plural 1000 o C(1830°F), 

Chromized coatings on steel protect aircraft 
and combustion equipment. Sherardized 
aciron alloy) coatings are used in Threaded parts 
^castings. Calorized (aluminum-iron alloy) coat- 
.ags protect chemical equipment and furnace 
Hit?. Diffusion coalings are used to provide oxi- 
iliiin resistance lo refractory metals, such as 
Molybdenum and tungsten, in aerospace applica- 
Ssns where reentry temperatures may exceed 
WF<1650°Q. In addition to the pack process 
Ascribed above, such coatings may he applied in 
duidized bed. In forming disilicide coatings on 
pybdenum, the bed consists of silicon particles 
Jttpendcd in a stream of healed argon Rowing at 
^ft/sec (0.15 m/sl to which a small amount, of 
•line is added. The hot gases react with the sili- 
Wi In form Sil , which in turn reacts with the 
Uybdcmim to form MoSi t . 
M/apor deposition. A thm specular uooting is 
bicdon metals, plastics, paper, glass, and even 
B ^ cs • Coalings form by condensation of metal 
l^r original mg frtim molten metal , from high- 
Iwiage volts) discharge between dec- 

ides (cathode sputtering), ur from chemical 
■trails such as hydrogen reduction or thermal de- 
Iftmposition (gas plating) of metal halides. Vacu- 
IttB up In 10 _w mm mercury (ll)" 4 Pa) often are 
lityiircd. 

TAluminum coatings of 0.000005 in. (0.125 /ini) 
Informed on zinc, si eel, costume jewelry, plas- 
Ks,'and optical reflectors. Chemical methods are 
liable of forming relatively thick coatings, up to 



Metal coatings 399 

0.010 in <250 M m). The 200-in. (5-m) mirror for the 
Mount Palomar telescope was prepared bv vapor 
coating with aluminum in a vacuum chamber 19 ft 
(5.8 in) in diameter and 7 ft (2.1 m) high. 

Immersion coatings. Either by direct chemical 
displacement or for thicker coatings by chemical 
reduction (electmless coating), metal ions plate out 
of solution onto the workpiece. 

Tin coalings are displaced onto brass and steel 
notions and on aluminum-alloy pistons as an aid 
during the breaking-in period. Displacement nick- 
el coatings of 0.00005 in. (1.25 Mm ) are formed on 
steel articles. Electroless nickel, involving the 
reduction of a nickel salt to metallic nickel (actual- 
ly a nickel-phosphorus alloy), permits the forma- 
tion of relatively thick uniform coatings up to 
0.010 in. (250 M rn) on parts with recessed or hidden 
surfaces difficult to reach by electroplating. 

Vitreous enamel coatings. Glassy buuioncrys- 
lalhne coatings for attractive durable service in 
chemical, atmospheric, or moderately high-tem- 
perature environments are provided by enamel or 
porcelain coating. In wet enameling a slip is pre- 
pared of a water suspension of m ushed glass (see 
I'RIT), flux, suspending agent, refractory com- 
pound, and coloring agents or opacifiers. The slip 
is applied by dipping or flow coating; it is then fired 
at a temperature at which it fuses into a continu- 
ous vitreous coating. For multiple coats the first or 
ground coat contains an oxide of cobalt, nickel, or 
molybdenum to promote adherence. 

Dry enameling is used for castings, such as bath- 
tubs. The casting is heated to a high temperature, 
and then dry enamel powder is sprinkled over ihe 
surface, where it fuses. 

Firing temperatures for conventional enameling 
of iron or steel ranges up ro 870°C (1600 U F). Low- 
temperature enamels have been developed, per- 
mitting the enameling of aluminum and magne- 
sium. 

Coatings of 0.003-0.020 in. (75-500 fim) are 
used for kitchenware, bathroom fixtures, highway 
signs, and water heaters. Vitreous coatings with 
crystalline refractory additives can protect stain- 
less steel equipment al temperatures up to 950°C 
(1740°F). 

Ceramic Coatings. Essentially crystalline, ce- 
ramic coatings are used for high-temperature pro- 
tection above 110O°C (2000°F). The coatings may 
be formed by spraying refractory materials such as 
aluminum oxide or zirconium oxide, or by the 
cementation processes for coalings of inlermetal- 
lie compounds such us molybdenum disilicide. 
Cermets are intimate mixtures of ceramic and 
metal, such as zirconium boride particles, dis- 
persed throughout an electroplated coating of 
chromium. See CERMET. 

Surface-conversion coatings. An insulating 
barrier of low solubility is formed on steel, zinc, 
aluminum, or magnesium without electric current. 
The article to be coated is either immersed in or 
sprayed with an aqueous solution, which converts 
the surface into a phosphate, an oxide, or a 
chromale. Modern solutions react so rapidly thai 
sheet and strip materials can be treated on contin- 
uous lines. 

Phosphate coalings, equivalent to 100-400 
nig/ft* (1-4 g/m*), are applied to bare or galvanized 
steel and -to zinc-hasc die castings as preparation 
for painting. The coating enhances paint adhesion 



